The presence or absence of some enzymes of nucleotide metabolism has been suggested by other workers as being of possible value as criteria for some genera within the Mollicutes. We assayed subcellular fractions of Mycoplasma mycoides subsp. mycoides strain Y and Ureaplasma urealyticum 960T (T = type strain) for these activities. U. urealyticum 960T had characteristics similar to those noted previously (Williams and Pollack, Int. J. Syst. Bacteriol. 1985) for some other species in the Mycoplasmataceae in that it (i) does not show a deoxyuridine triphosphate nucleotidohydrolase, (ii) does possess deoxycytidine deaminase, (iii) does not show a specific deoxyuridine monophosphate phosphatase, and (iv) does possess deoxycytidine monophosphate deaminase. M. mycoides differs from these other members of the Mycoplasmataceae in that it (i) does possess a deoxyuridine triphosphate nucleotidohydrolase and (ii) does not show deoxycytidine or cytidine deaminase activity, but it is similar in that it does not show a specific deoxyuridine monophosphate phosphatase and does possess deoxycytidine monophosphate deaminase. Extracts of U. urealyticum were fractionated and assayed for activities of a range of enzymes of nucleotide metabolism. Our results indicate a capacity for salvage pathways of nucleotide synthesis with similarities to those already proposed for M . mycoides and Acholeplasma ladlawii B-PG9.
The class Mollicutes consists of three orders, Mycoplasmatales, Acholeplasmatales, and Anaeroplasmatales. The sterol-requiring Mycoplasmatales contains two families, Mycoplasmataceae (with genera Mycoplasma and Ureaplasma) and Spiroplasmatacea (with the genus Spiroplasma). The sterol-nonrequiring Acholeplasmatales consists of a single family and genus, while the Anaeroplasmatales have a single family for two distinct genera (Anaeroplasrna and Asteroleplasma). Williams and Pollack (18) have examined six Mycoplasma species, one Spiroplasma species, and five Acholeplasma species for enzyme activities involved in pyrimidine deoxynucleotide metabolism. These authors concluded that it may be possible, after more species are studied, to distinguish some genera within the Mollicutes by the presence or absence of the enzymatic activities of (i) deoxyuridine triphosphate nucleotidohydrolase (dUTPase) (EC 3.6.1.23), which is defined as adenosine triphosphate (ATP) insensitive and specifically deoxyuridine triphosphate (dUTP) hydrolyzing, (ii) deoxycytidine (dC) deaminase (EC 3.5.4.14), (iii) deoxyuridine monophosphate (dUMP) phosphatase (dUMPase) (EC 3.1.3 3, and (iv) deoxycytidine monophosphate (dCMP) deaminase (EC 3.5.4.12). All of the Mycoplasma species which they tested had dC and dCMP deaminase activities, but no detectable dUTPase or specific dUMPase activities.
In the studies of Williams and Pollack (17, 18) , dUTPase and also deoxycytidine triphosphate (dCTP) nucleotidohydrolase (dCTPase) were defined as being ATP-insensitive activities and dUMPase was defined as an adenosine monophosphate-insensitive activity. Neale et al. (10) have reported dUTPase, dCTPase, and dUMPase activities from Mycoplasma mycoides subsp. mycoides strain Y, but made no test for ATP or adenosine monophosphate sensitivity so that no conclusion is warranted as to whether M . mycoides may be intrinsically different from the Mycoplasma species studied by Williams and Pollack (18) . Another difference in the studies was that Neale et al. (10) (15) as described previously (8) . U . urealyticum serovar VIII strain 960T (= ATCC 27618=), provided by G. Masover, was grown in modified PPLO broth as described previously (2).
Preparation of cell extracts and membrane fractions. Extracts of M . mycoides from 50-ml cultures were prepared by sonication as previously described (8), except that 0.2 mM pepstatin A was added to inhibit protease digestion of cellular enzymes. The pellet from the high-speed centrifugation following sonication of M . mycoides was suspended in 10 mM tris(hydroxymethy1)aminomethane (Tris) hydrochloride (pH 8.1)-1 mM dithiothreitol (DTT) and was subjected to an additional 60 s of sonication. For preparation of U . urealyticum extracts by sonication the cells from 8 liters of medium were washed with 0.25 M NaCl and then suspended in 1 ml of 1 mM Tris (pH 8.l)-l mM DTT. The subsequent steps were as previously described (l), except that no bovine serum albumin was added. Cytoplasmic and membrane fractions of both organisms were obtained after osmotic lysis as previously described by Razin (14) . However, cells from 1 liter of a U . urealyticum culture were lysed in a volume of 5 ml.
Chemicals and radiochemicals. Horse serum for growth media was obtained from the Commonwealth Serum Laboratories, Parkville, Australia, and yeast extract and PPLO broth were obtained from Difco Laboratories, Detroit, Mich.
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Thioglycollic acid was obtained from Ajax Chemicals Ltd., Melbourne, Australia, and amino acids, antibiotics, and buffers were obtained from Sigma Chemical Co., St. Louis, Mo. The scintillation solute 2,5-diphenyloxazole, nucleotides, cofactors, intermediates, and enzymes were all obtained from Sigma.
[ Fractionation of cell-free extract. Partial purification of enzyme activities in the U . urealyticum 960T cell-free extract was achieved by using a fast protein liquid chromatography system (Pharmacia Pty. Ltd., West Melbourne, Australia) as described previously (2); however, fractions were collected directly into tubes containing 50 pg of cytochrome c. All of these fractions were assayed for the enzymes listed below, and proteins in fractions and in the cell-free extract were estimated (5). For two-step partial purification of dUTPase from sonicated cell-free extracts of M . mycoides by fast protein liquid chromatography we used a Superase 12 column (elution buffer, 50 mM NaCI-10 mM Tris hydrochloride, pH 8.5) and then a Mono Q column and the elution conditions described previously (2).
All assays were performed at 37°C in 40 mM Tris (pH 7.8)-5 mM MgC1, supplemented with additional components as indicated below. Unless specified otherwise, the concentration of labeled substrate in all nucleotide enzyme assays was 0.1 M, and the specific activities were 5 to 20 Ci/mol for 14C-and 32P-labeled substrates and 100 Ci/mol for 3H-labeled substrates. Each assay mixture contained up to 25 pg of cell protein, except for the hypoxanthine phosphoribosyltransferase (PRTase), dGMP kinase, and dCMP deaminase assay mistures, which all contained 150 pg of cell protein. The assay volumes were 12 to 20 pl, and reactions were begun by adding enzyme and were sampled at various times by adding 4 p1 of reaction mixture to the separation matrix for isolating the product from the substrate. All assays, except the (deoxy)cytidine deaminase assay, involved separations in which we used polyethyleneimine-cellulose thin layers (10, 13) or ethylenediaminetetraacetate-treated Whatman DE81 diethylaminoethyl-cellulose paper (1).
Details of specific assays. (i) Isolation of radiolabeled product on diethylaminoethyl-cellulose paper. The dC kinase (EC 2.7.1.74) assay was performed as described previously (10) .
The uracil PRTase (EC 2.4.2.9) assay mixture contained 0.1 mM [2-14C]uracil, 1 mM guanosine triphosphate, and 0.4 mM 5-phosphoribosyl-1-diphosphate.
The cytidine kinase (EC 2.7.1.48) assay mixture contained 0.1 mM [U-14C]cytidine, 2 mM ATP, 1 mM DTT, and 20 mM NaF.
The hypoxanthine PRTase (EC 2.4.2.8) assay mixture contained 0.1 mM [8-14C] hypoxanthine, 0.4 mM 5-phosphoribosyl-1-diphosphate, and 20 mM NaF.
The thymidine kinase (EC 2.7.1.21) assay mixture contained 0.1 mM [2-14C]thymidine, 1 mM ATP, 2 mM DTT, and 20 mM NaF.
(ii) Isolation of radiolabeled products on polyethyleneiminecellulose thin layers. The dCMP deaminase (EC 3.5.4.12) assay was performed as previously described (lo), except that 0.1 mM dCTP and 2 mM DTT were included for 2 min of preincubation at 37°C before the reaction was begun by adding substrate.
The (deaxy)CMP kinase (EC 2.7.4.14) assay was performed as previously described (10) .
The dTMP kinase (EC 2.7.4.9) assay was performed as previously described (lo), except that 0.1 mM [U-14C]dTMP was used as the substrate. The uridine phosphorylase (EC 2.4.2.3) assay was performed as previously described (l), except that 0.1 mM [2-14C]uridine was used as the substrate.
The adenosine phosphorylase (EC 2.4.2.1) assay mixture contained 5 mM sodium orthophosphate and 0.1 mM [U-14C]adenosine. Chromatography was performed as previously described (8), and both [14C]adenine (Rf, 0.5) and
[14C]ribose-l-phosphate (Rf, 0 to 0.1) were counted.
The adenine PRTase (EC 2.4.2.7) assay mixture contained 0.1 mM [U-14C]adenine and 0.4 mM 5-phosphoribosyl-ldiphosphate. Samples were spotted onto the origins, and then the chromatograms were developed twice in distilled water. This separated the adenosine monophosphate product (Rf, 0 to 0.1) from adenine (Rf, 0.9 to 1).
The uridine kinase (EC 2.7.1.48) assay mixture contained 0.1 mM [2-14C]uridine, 2 mM ATP, 1 mM DTT, and 20 mM NaF. Chromatography was performed as described previously (7) .
The dCTPase (EC 3.6.1.12) and dUTPase (EC 3.6.1.23) assays were performed as previously described (10); however, ATP was included in some assay mixtures, and various concentrations of substrate were used, as indicated below. The nucleoside monophosphate product was not eluted prior to counting.
The nucleoside diphosphate kinase (EC 2.7.4.6) assay mixture contained 0.1 mM [U-14C]cytidine diphosphate, 1 mM ATP, and 20 mM NaF. Chromatography was performed as described above for the dCTPase assay.
The thymidine phosphorylase (EC 2.4.2.4) assay was performed like the uridine phosphorylase assay (see above), except that 0.1 mM [U-14C]thymidine and 5 mM sodium orthophosphate were used. The chromatogram was sectioned to count the deoxyribose-1-phosphate (Rf, 0 to 0.1) product, which was separated from thymidine and thymine (both of which had Rfvalues of 0.9 to 1.0).
The dGMP kinase (EC 2.7.4.8) assay mixture contained 0.1 mM [U-14C]dGMP, 1 mM ATP, and 20 mM NaF. Chromatography was performed as described above for dTMP kinase, and the deoxyguanosine diphosphate product (Rf, 0.4 to 0.5) was counted. The Rfof dGMP was 0.7 to 0.8.
In the assays for deoxynucleotide phosphohydrolases (EC 3.1.3.5) the dUMPase assay was performed as previously described (lo), except that the concentrations of [5-3H] dUMP were 0.05 and 1.25 mM in the assays for enzymes from U. urealyticum and M . mycoides, respectively, and the [5-3H]uridine product was not eluted before counting. The dAMP phosphatase, dCMP phosphatase, dGMP phosphatase, and dTMP phosphatase assays were performed like the dUMPase assay, except that in the U . urealyticum 960T assays the respective U-14C-labeled deoxynucleotide monophosphates were used at concentrations of 0.1 mM.
The adenosine triphosphatase (EC 3.6. Table 1 shows comparisons of the total activities for hydrolysis of dUTP and dCTP in extracts of M. rnycoides subsp. rnycoides prepared as sonication supernatants and pellets by the procedure of Neale et al. (10) and in membrane and cytoplasmic fractions prepared by the osmotic lysis procedure of Razin (14) . With all preparations dUMP was the main product of dUTP hydrolysis, and there was no strong inhibition of its formation by 1.25 mM ATP. Although some activity was found in all preparations, the greatest total activity and highest specific activity were found in the cytoplasm from osmotic lysis. This fraction also showed deoxyuridine diphosphate (dUDP) formation in the absence of ATP but not when ATP was present. With the lack of dUMP kinase in extracts of M . rnycoides (lo), such production of dUDP probably reflects activity of nucleoside diphosphate kinase associated with residual nucleoside diphosphates in the extract or of nonspecific phosphatases. With dCTP as the substrate, dCMP was the major product with the osmotic lysis cytoplasm and the sonication supernatant, but the membrane fraction and the sonication pellet produced deoxycytidine diphosphate (dCDP). This dCDP production was not inhibited by ATP, but the yield of dCMP with the cytoplasm and sonication supernatant was decreased. This decrease may have been due to inhibition of the dCTPase activity, but loss of product may also have occurred because of the strong phosphorylating effects of the dCMP kinase and nucleoside diphosphate kinase known to be in the preparations (10) .
RESULTS
Similar experiments with preparations from U . urealyticum showed that the major hydrolytic activities for both substrates were in the membrane fraction rather than the cytoplasm, with inhibition by ATP. This is similar to the findings of Williams and Pollack (18) for the distribution of a nonspecific activity for dUTP and dCTP hydrolysis in the Mycoplasrnataceae species which they tested. With sonication the activities were found in the supernatant, probably through comminution of membrane fragments by the sonication.
For further investigation of the possible differences in these activities between the two Mycoplasmataceae species, sonication supernatants were subjected to fractionation by fast protein liquid chromatography to achieve partial purification from possible interfering actions of other enzymes in the crude extracts. Extracts from M . mycoides were subjected to a two-step fractionation, first for size separation on a Superose 12 column and then on a Mono Q ion-exchange column. The dUTPase eluted from the Superose column 12 in the volume range of 13.8 to 14.4 ml. dCTPase activity was also present but was displaced toward the higher volumes in the range. Both substrates gave the monophosphates as the sole nucleotide products. The dCTPase activity showed inhibition by 1.25 mM ATP, but the dUTPase activity did not. The fractions containing dUTPase activity were then pooled for fractionation on Mono Q. Activity on dUTP eluted in three fractions with NaCl concentrations of 0.20 to 0.22 M. Only the middle fraction showed activity on dCTP at less than 5% of the activity on dUTP. Neither activity was inhibited by ATP. The dUTPase pooled from the three fractions showed essentially no inhibition (<2%) by 1 mM dCTP and a K , value of approximately 5 +M for dUTP (Fig.  1) .
Extracts from U . urealyticurn were fractionated directly on a Mono Q column and were assayed for activity on dUTP and dCTP and for a range of other enzymic activities (Fig. 2 and Table 2 ). The activities on dUTP and dCTP eluted together, and both were subject to inhibition by ATP, although adenosine triphosphatase was not associated with the fractions active on dUTP and dCTP (Fig. 2b) . The monophosphates were the only nucleotide products from the hydrolysis, and, as indicated by the rates observed at concentrations of 10 and 100 FM (Table 2) , the K,, for dUTP was approximately 500 to 600 FM. The inhibition by ATP did not appear to be competitive since the inhibition of 50% by 200 pM ATP observed with 100 pM dUTP (Fig. 2b) was the same as the inhibition observed with 10 pM dUTP (data not shown).
The data in Fig. 2b and Table 2 show activity for dC deaminase coincident with cytidine deaminase activity in the fractionation, which is consistent with both activities being properties of the one enzyme, as usually reported (16) . In a.greement with previous reports (7, lo), we were not able to detect either of these activities in extracts or fractionated extracts of M. mycoides. No dCMP deaminase was detected in the fractionated extracts from U. urecllyticum, but it was found in the crude sonication supernatant (Table 2) . (Table 2) , although they were not observed previously when they were sought in ureaplasmas (12) . Figure 2a shows that cytidine kinase and dC kinase chromatographed separately, in keeping with these enzymes being different proteins, as observed in their isolation from other sources (4, 11). No uridine kinase activity was observed. The kinase activities for dCMP and cytidine monophosphate were coincident in the fractionation (the fraction with maximum activity is shown in Table 2 ), which is consistent with previous results obtained with other organisms (10, ll), suggesting that these are activities of one enzyme. Maximum activity in a single peak for adenylate kinase also occurred in the same fraction from the Mono Q column (Table 2 ). However, this activity was separated from cytidine monophosphate kinase activity after fractionation of cell-free extracts of U. urealyticum 960T by gel filtration. Nucleoside diphosphate kinase activity also co-eluted from the Mono Q column with cytidine monophosphate kinase and adenylate kinase activities (Table 2 ), but we consider it unlikely that this activity is a function of either of those The value shown is the sum of the activities in all fractions expressed in relation to the total cell protein applied to the column.
-, Activity was measured in the crude sonication supernatant but was not detected in any individual fractions.
enzyme proteins. The fractions showing dTMP kinase activity were without activity on dUMP as a substrate, indicating similar properties for this enzyme in U . urealyticum, M . mycoides (ll), and A . laidlawii B-PG9 (18) .
Very strong phosphatase activity on deoxynucleoside monophosphates and o-nitrophenylphosphate was observed in Ureapfasma extracts. Figure 2c shows that the activity against dAMP, dGMP, dCMP, and dTMP had a wide distribution in the fractions eluted from Mono Q, as did the activity against o-nitrophenylphosphate (data not shown); however, activity against dUMP was distributed as a single broad peak. The dUMPase in fractions from the Mono Q column was completely inhibited by 4 mM adenosine monophosphate. The distribution of nucleotide phosphatase activities between cytoplasmic and membrane preparations was tested for M . mycoides and U . urealyticurn ( Table 3) . The data showed that most activity on nucleotides was in the membrane fraction of U . urealyticum and illustrated the very high level of activity in extracts from this species compared with extracts from M . mycoides. With M. mycoides the strongest activity was clearly against dUMP and was equally distributed between membrane and cytoplasmic fractions. Studies on the activities in both fractions for both organisms showed competition between the various nucleotides and gave no evidence for a specific dUMPase activity. Fractionation of sonication supernatants from M. mycoides on a Superose 12 column showed phosphatase activity against dUMP, dTMP, dGMP, and dAMP, co-eluting over the range from 12 to 13.5 ml. The activity against dAMP was only about one-quarter of that against the other three nucleotides, and no activity was observed against dCMP.
DISCUSSION
Our results indicate that U . urealyticum 960T, a member of the second genus of the Mycoplasmataceae, has characteristics similar to those observed for other species in this family tested by Williams and Pollack (18) in that it (i) does not show a dUTPase, (ii) does possess dC deaminase, (iii) does not show a specific dUMPase, and (iv) does possess dCMP deaminase.
Overall, the enzymic activities detected in U . urealyticum 960T, including PRTases for uracil, adenine, and hypoxanthine, indicate a capacity for salvage pathways of nucleotide biosynthesis similar to those proposed for M . mycoides subsp. mycoides strain Y (6-10) and for A . laidlawii B-PG9 (16, 17) . Consistent with such pathways, experiments analyzing the distribution of label into ribonucleic acid and deoxyribonucleic acid of U . urealyticum (A. Mitchell and F. Brake, unpublished data) have confirmed that [2-14C]uracil added to the growth medium is a precursor of uridine, cytidine, and deoxycytidine nucleotides and that [8-14C] adenine is a precursor of adenosine and deoxyadenosine nucleotides.
M . mycoides subsp. mycoides strain Y is similar to the other members of the Mycoplasmataceae examined by Williams and Pollack (18) and to U . urealyticum 960T in that it does not show a specific dUMPase and does possess dCMP deaminase. However, it differs from these other members of the Mycoplasmataceae in that it does possess an ATP-insensitive dUTPase and does not show a dC or cytidine deaminase activity. Both of these observations may be considered as examples to raise some concern about the reliability of enzymatic activities of nucleotide metabolism as possible taxonomic criteria. Initial assays in our laboratory did not detect dUTPase in M . mycoides extracts; however, ultimately (10) this enzyme was demonstrated. Repeated assays (7, 10 ; this study) have still not detected cytidine deaminase (or dC deaminase) in M . mycoides ex- , and unreported data on the effects of tetrahydrouridine, a cytidine deaminase inhibitor, all suggest that the activity exists in vivo. Many factors may affect the detectability of an enzyme so that a negative result to an enzyme assay is inconclusive. Enzymes of nucleotide metabolism in unfractionated extracts can be particularly susceptible to lack of detection because of interference from strong competing reactions to remove substrates or products or both. These inferfering reactions can often be extremely rapid compared with the reactions under study.
